recently proposed the name Bacterionema matruchotii for an oral filamentous microorganism. The serology of this organism has received limited attention. Kroeger and Sibal (1961) , using agglutination and precipitation techniques, studied 21 strains of this organism; this is the only heretofore published work concerning its serology. The morphological and physiological characteristics of B. matruchotii, formerly termed Leptothrix buccalis (Bulleid, 1925) , Leptotrichia buccalis (Bibby and Berry, 1939) , and Leptotrichia dentium (Davis and Baird-Parker, 1959) , have been studied bv a number of investigators (reviewed by Gilmour and Beck, 1961; Howell and Pine, 1961) . Because of meager early descriptions of generic and type species of Leptotrichia, much confusion arose concerning the taxonomy of this and other oral filaments . To obtain information of possible use in establishing the proper classification of this organism, a serological investigation was undertaken. The serology of 37 strains of B. ma-I Present address: Department of Bacteriology, University of California, Berkeley, Calif. truchotii, and the serological relationships of these strains to species of certain established genera, were studied.
MATERIALS AND METHODS
Forty-two strains of Bacterionema matruchotii were isolated from dental plaque. The isolation method used was that described by Richardson and Schmidt (1959) , which is a modification of the procedure recommended by Gilmour and Hunter (1958) . The source of each strain of the other microorganisms used in this study is shown in Table 1 .
Stock cultures of B. matruchotii were maintained on brain heart infusion agar (Difco) supplemented with 0.5% yeast extract (Difco); these were transferred bimonthly and stored at 4 C. Nocardia strains were maintained on Sabouraud's glucose agar slants, Actinomyces on brain heart infusion slants and in thioglycollate medium, mycobacteria on Lowenstein-Jensen slants, and corynebacteria on meat infusion and 5% sheep-blood agar slants. Several physiological tests were used to characterize the strains of B. matruchotii. Methods and tests employed were similar to those described by Richardson and Schmidt (1959) .
Antigens were prepared from ten strains of B. matruchotii and ten representative species of Nocardia, Corynebacterium, Mycobacterium, and Actinomyces; these included N. opaca N203, N. asteroides N205 and N206, C. xerosis C50, A. bovis 13031, Actinomyces strains from serological groups B and C (Slack, Winger, and Moore, 1961) , M. butyricum M41, and M. tuberculosis H37Ra and BCG.
To insure that the antigens of B. matruchotiji were prepared from pure cultures, these strains were reisolated three times, using a serial-dilution plating method (Gilmour and Hunter, 1958) . With the exception of M. tuberculosis H37Ra and BCG, all antigens were grown at 37 C in brain heart infusion broth (Difco) supplemented with 0.2% yeast extract. All B. matruchotii, Nocardia, and Corynebacterium strains were incubated on a New Brunswick rotary shaker (160 gyrations/min) to disperse growth. After 48 to 72 hr incubation, the cells were centrifuged at 600 X g and washed three times with 100 ml of sterile saline. Granular antigens (most strains of B. matruchotii, Nocardia, and mycobacteria) were subjected to sonic vibration (Raytheon oscillator, 9 kc) for 10 min. Strains of M. tuberculosis to be used as antigens were grown on Lowenstein-Jensen slants for 4 weeks; formalintreated cell suspensions of the growth were autoclaved at 110 C for 1 hr to insure sterility. Five of the B. matruchotii antigens and all ten of the mycobacteria, nocardiae, corynebacteria, and actinomyces antigens were treated with 0.5% formalin; five strains of B. matruchotii were not treated with formalin. All antigen suspensions were adjusted to a turbidity corresponding to McFarland nephalometer tube % 5 and were stored at -12 C.
Hyperimmune sera were prepared in adult albino rabbits by a series of intravenous injections. On alternate days, over a 3-week period, increasing amounts of antigen were injected; the maximal dose was 2.0 ml. Bleeding was performed by cardiac puncture 9 days after the last injection.
Cross-agglutination and precipitation methods were explored for use in this study, but results were equivocal. The complement-fixation reaction provided the most satisfactory results, and was the main test used. For this test, formalintreated particulate antigens were used at four times the dilution at which they were anticomplementary. The antigens were mixed with twofold dilutions of antisera; the fixation period with two full units of guinea pig complement was 30 min at 37 C. With each test, controls were included for complement, hemolytic, and anticomplementary activity, and for titers with antisera obtained before immunization. Results were not considered valid unless controls were satisfactory. Binding power titrations for all homologous B. matruchotii antigen-antisera Table 2 . There is a definite relationship among strains. Antisera prepared with formalin-killed antigens produced slightly lower titers than the antisera prepared with antigens not treated with formalin. Of the 37 strains, all but two showed a strong degree of serological cross-reaction, giving titers similar to those shown in Table 2 . The two strains that showed a very weak cross-reaction had undergone a rough to smooth colony type dissociation between the time of their isolation and their preparation as antigens.
Reciprocal adsorption studies were done with sera prepared to B. matruchotii antigens. Table  3 shows results of a representative complementfixation test between strains 8 and G18. A total of 55 reciprocal tests was done on ten strains of B. matruchotii. Results indicated that a common complement-fixing antigen was present in all strains tested. Homologous complement-fixation titers in all ten strains were reduced at least eightfold by adsorption with heterologous B. matruchotii antigens. The data further indicated that, since there was marked and consistent reductioD of homologous titers after adsorption with heterologous antigens, establishment of more than one serological group is not suggested. Serological relationships with other genera. A high degree of cross-reaction with the B. matruchotii antisera was shown by M. tuberculosis, M. butyricum, N. opaca, N. asteroides, N. rubra, Actinomyces group B and group C, C. diphtheriae, and C. xerosis. Strains of lactobacilli showed no cross-reaction (Table 4) .
However, when B. matruchotii antigens were tested against the heterologous antisera, only low degrees of cross-reaction were obtained (titers of 4 to 32). Reciprocal adsorption tests were run on these organisms, and representative results are shown in Table 5 . In all instances, controls were satisfactory. The results of the reciprocal adsorption tests indicated that a serological relationship exists between B. matruchotii and certain species of Nocardia, Mycobacterium, Corynebacterium, and Actinomyces.
DISCUSSION
With publication of the proposed classification by , the problem of what emphasis serological information should be given in the classification of B. matruchotii was resolved. Regarding the systematic classification of this oral filament, it is probable that serological characteristics are of secondary importance to morphological and physiological characteristics. Nevertheless, the results of this investigation are of interest, for they suggest a conclusion similar to that based upon other criteria.
The strains of B. matruchotii are closely related serologically, through possession of a common complement-fixing antigen. In the complement-fixation test and in the reciprocaladsorption studies, only one serological group could be differentiated in the B. matruchotii strains that possessed the common complementfixing antigen. The possibility exists that a more chemically defined antigenic preparation might have disclosed differences in antigenic structure. Our results on the serological relationships among strains of B. matruchotii substantiate those of Kroeger and Sibal (1961) , who used agglutination and precipitation reactions.
Two strains of B. matruchotii that underwent colony-type dissociation failed to possess the common complement-fixing antigen. Unfortunately, these strains were not tested serologically before the dissociation occurred, so it is not known if loss of the common complementfixing antigen accompanied the dissociation. Ludwig (1955) described a rough to smooth dissociation of this organism, but he did not study the organism serologically.
B. matruchotii possessed a moderate degree of serological cross-reaction with organisms of several established genera: Nocardia, Mycobacterium, Corynebacterium and Actinomyces. With each of these genera, some variation in the degree of cross-reaction was observed; a few strains from the cross-reacting genera failed to react with B. matruchotii. For example, N. corallina N210 showed negligible cross-reaction with B. matruchotii, but five other Nocardia species gave significant cross-reactions.
Serological relationships have been reported between N. asteroides and M. tuberculosis (Drake and Henrici, 1943) , between M. tuberculosis and the diphtheria bacillus (Krah and Witebsky, 1930) , and between microaerophilic actinomycetes and Nocardia (Slack et al., 1951) . Since B. matruchotii showed a strong serological crossreaction with Nocardia and Mycobacterium, it is not surprising that it also exhibited some crossreaction with Corynebacterium and Actinomyces.
Since B. matruchotii exhibits serological crossreaction with at least four genera, its preferential assignment to one particular established genus is not justified on a serological basis. Assignment in Actinomycetaeceae would have a justifiable basis serologically, since B. matruchotii exhibited definite serological reactions with several species of Nocardia and Actinomyces. In our opinion, the proposal by for the establishment of the genus Bacterionema, with B. matruchotii as the type species, offers an acceptable solution to the problem of the taxonomy of this orgamism.
